When oocytes resume meiosis, chromosomes start to condense and Cdc2 kinase becomes activated. However, recent findings show that the chromosome condensation does not always correlate with the Cdc2 kinase activity in pig oocytes. The objectives of this study were to examine 1) the correlation between chromosome condensation and histone H3 phosphorylation at serine 10 (Ser10) during the meiotic maturation of pig oocytes and 2) the effects of protein phosphatase 1/2A (PP1/ PP2A) inhibitors on the chromosome condensation and the involvement of Cdc2 kinase, MAP kinase, and histone H3 kinase in this process. The phosphorylation of histone H3 (Ser10) was first detected in the clump of condensed chromosomes at the diakinesis stage and was maintained until metaphase II. The kinase assay showed that histone H3 kinase activity was low in oocytes at the germinal vesicle stage (GV) and increased at the diakinesis stage and that high activity was maintained until metaphase II. Treatment of GV-oocytes with okadaic acid (OA) or calyculin-A (CL-A), the PP1/PP2A inhibitors, induced rapid chromosome condensation with histone H3 (Ser10) phosphorylation after 2 h. Both histone H3 kinase and MAP kinase were activated in the treated oocytes, although Cdc2 kinase was not activated. In the oocytes treated with CL-A and the MEK inhibitor U0126, neither Cdc2 kinase nor MAP kinase were activated and no oocytes underwent germinal vesicle breakdown (GVBD), although histone H3 kinase was still activated and the chromosomes condensed with histone H3 (Ser10) phosphorylation. These results suggest that the phosphorylation of histone H3 (Ser10) occurs in condensed chromosomes during maturation in pig oocytes. Furthermore, the chromosome condensation is correlated with histone H3 kinase activity but not with Cdc2 kinase and MAP kinase activities.
INTRODUCTION
The meiotic resumption of oocytes is controlled by protein kinase MPF (maturation-promoting factor or M-phase promoting factor), which is now also known as Cdc2 kinase. Cdc2 kinase is activated around the germinal vesicle breakdown (GVBD) of oocytes and has been thought to be the key regulator of such major morphological changes dur- ing oocyte maturation as chromosome condensation and GVBD and spindle formation. Mitogen-activated protein (MAP) kinase, also termed extracellular signal-regulated kinase (ERK1/ERK2 in mammals), is another kinase known to become activated during oocyte maturation in a number of species, including Xenopus [1] , clams [2] , and also in mammalian species, such as mice [3] , pigs [4] , goats [5] , cattle [6] , and humans [7] . The role of MAP kinase during oocyte maturation has not been firmly established, although it is known that its activation modulates microtubule dynamics.
Chromosome condensation is the first step of oocyte maturation. It is a unique process characterized by a dramatic change in chromosome morphology and is required for the correct segregation of chromosomes during oocyte maturation. The precise change in the nucleus in pig oocytes during maturation was described by Motlik and Fulka [8] . Fully grown pig oocytes have a condensed heterochromatin ring around the nucleolus in the germinal vesicle (GV). When the oocytes resume meiosis in vitro and in vivo, chromosomes start to condense before GVBD. Although the chromosome condensation has been thought to be induced by Cdc2 kinase, recent findings show that the chromosome condensation does not always correlate with Cdc2 kinase activity and that MAP kinase substitutes for the role of Cdc2 kinase [9] . However, the cause of the chromosome condensation has not been completely understood.
The chromatin fiber is composed of repetitive units, the nucleosomes, which are comprised of an octamer of two each of the core histones H2A, H2B, H3, and H4, around which 200 base pairs of DNA are wrapped [10] . Each histone contains an N-terminal tail domain, which is involved in the stabilization of the chromatin fiber [11] . The phosphorylation of histone H3 is thought to be involved in transcriptional activation [12] and chromosome condensation during mitotic cell division [13] . A strong correlation between the initial chromosome condensation and histone H3 phosphorylation has been observed in mammalian cells [14] , and its phosphorylation at Ser10 has been suggested to play a key role in mitotic chromosome condensation [15] . The spatiotemporal distribution of histone H3 phosphorylation is different among the cell types so far examined. However, there is no evidence about histone H3 phosphorylation in meiotic chromosome condensation in mammalian oocytes.
Both Ipl1/aurora-B kinase and its genetically interacting protein phosphatase Glc7/PP1 has been shown to be required for H3 phosphorylation during mitosis in Saccharomyces cerevisiae and Caenorhabditis elegans [16, 17] . It is suggested in somatic cells that the balance of histone H3 kinase and PP1 acting on Ser10 of histone H3 regulates chromosome condensation. Inhibitors of the protein serine/ threonine phosphatases PP1 and PP2A, such as okadaic acid (OA) and calyculin A (CL-A), induce rapid chromosome condensation in oocytes [18] . However, it remains to be elucidated whether the effect of PP1/PP2A inhibitors on the chromosome condensation correlates with Cdc2 kinase, MAP kinase, or histone H3 kinase.
In this study, we investigated the changes in histone H3 phosphorylation at Ser10 during meiotic maturation and rapid chromosome condensation induced by the inhibition of PP1/PP2A in pig oocytes. Histone H3 phosphorylation was detected in the clump of condensed chromosomes at the diakinesis stage and maintained during maturation of the oocytes. Histone H3 was also phosphorylated in condensed chromosomes in the inhibitor-treated oocytes. Furthermore, the chromosome condensation occurred without GVBD in the absence of the activation of both Cdc2 kinase and MAP kinase but was accompanied by histone H3 kinase activation.
MATERIALS AND METHODS

Culture of Pig Oocytes
Pig ovaries were obtained from prepubertal gilts at a local slaughterhouse. The ovaries were washed once with 0.2% (w/v) cetyltrimethylammonium bromide and twice with Dulbecco phosphate-buffered saline (PBS) containing 0.1% (w/v) polyvinyl alcohol (PBS-PVA; Sigma Chemical Co., St. Louis, MO). Antral follicles 4-6 mm in diameter were dissected in PBS-PVA from ovaries following the technique described by Moor and Trounson [19] . After being opened in 25 mM HEPES buffered TCM-199 (Earl salt; Nissui Pharmaceutical, Tokyo, Japan), oocytes-cumulus complexes with a piece of parietal granulosa tissue (oocyte-cumulus-granulosa cell complexes; OCGCs) were isolated from the follicles. Following two washes in HEPES buffered TCM-199, the OCGCs were cultured in 2 ml of maturation medium. The maturation medium was bicarbonate-buffered TCM-199 supplemented with 10% (v/v) heat-treated fetal calf serum (Biocell Inc., Carson, CA), 0.1 mg/ml sodium pyruvate, 0.08 mg/ml kanamycin sulphate (Sigma Chemical Co.), 2.2 mg/ml sodium bicarbonate, and 0.1 IU/ml human menopausal gonadotropin (Pergonal; Teikoku Zoki, Tokyo, Japan), and two everted theca shells with gentle agitation in an atmosphere of 5% CO 2 in humidified air at 38.5ЊC. The OCGCs were cultured for various times to obtain oocytes at the germinal vesicle (0 h), diakinesis (18 h), metaphase I (24-27 h), anaphase I and telophase I (30-33 h), and metaphase II (42 h) stages.
To examine the effects of the inhibition of PP1/PP2A on chromosome condensation, oocytes-cumulus complexes (OCCs) were used. The OCCs were cultured in maturation medium containing 50 nM calyculin A (CL-A; Sigma-Aldrich, Germany) or 2.5 M okadaic acid (OA; sodium salt; Sigma-Aldrich) for 0, 0.5, 1, 2, 3, 4, and 6 h. To inhibit the activation of MAP kinase during the PP1/PP2A inhibition, the OCCs were cultured in maturation medium containing 50 nM CL-A and an MEK inhibitor, 0.1 mM U0126 (Promega, Madison, WI).
After culturing, the oocytes were denuded completely by pipetting and used for immunostaining or kinase activity assay.
Immunofluorescent Microscopy
After being washed twice in PBS-PVA, the denuded oocytes were fixed in PBS-PVA containing 4% (w/v) paraformaldehyde and 0.2% (v/v) Triton X-100 for 40 min. The fixed oocytes were washed twice in PBS-PVA for 15 min each and stored overnight in 1% (w/v) bovine serum albumin (BSA; International Regents Corporation, Kobe, Japan) supplemented with PBS-PVA (BSA-PBS-PVA) at 4ЊC. The oocytes were blocked with 10% (v/v) goat serum (DakoCytomation A/S, Glostrup, Denmark) in BSA-PBS-PVA for 45 min and then incubated for double labeling in a mixture of rabbit polyclonal anti-phospho-histone H3 at Ser10 (1: 100 dilution; #9701; Cell Signaling Technology Inc., Beverly, MA) and mouse monoclonal anti-lamin A/C (1:100 dilution; sc-7292, Santa Cruz Biotechnology Inc., Santa Cruz, CA) antibodies at 4ЊC overnight. After being washed three times in BSA-PBS-PVA for 15 min each, the oocytes were incubated in the mixture of Alexa Fluor 488 labeled goat-anti rabbit IgG (1:400 dilution; Molecular Probes Inc., Eugene, OR) and Alexa Fluor 350-labeled goat-anti mouse IgG (1:400 dilution; Molecular Probes Inc.) as the conjugated second antibodies for 40 min at room temperature. After being washed three times in BSA-PBS-PVA for 15 min each, the chromosomes were stained with propidium iodide (400 g/ml; Sigma Chemical Co.). Following complete washing, the oocytes were mounted on slides by Vectashield mounting medium (Vector Laboratories Inc., Burlingame, CA) and observed under a fluorescent microscope (U-LH100HGAPO; Olympus Optical Co., Tokyo, Japan). Determination of the meiotic stages was based on the chromosome configuration described by Motlik and Fulka [8] . In the negative control, the oocytes were reacted with nonimmune rabbit serum instead of rabbit polyclonal anti-phospho- histone H3 at Ser10 antibody or with mouse IgG instead of mouse monoclonal anti-lamin A/C antibody.
Kinase Assay
After denudation and three washes in PBS-PVA, each group of oocytes was transferred into an Eppendorf tube with 1 l of PBS-PVA for double kinase assay following the technique described by Kanayama et al. [20] . Each sample contained two oocytes for double assay of Cdc2 kinase and MAP kinase and five oocytes for double assay of Cdc2 kinase and histone H3 kinase. Thereafter, 4 l of ice cold extraction buffer was added, and the samples were frozen at Ϫ80ЊC before the assay. The extraction buffer was composed of 80 mM ␤-glycerophosphate, 25 mM HEPES (pH 7.2), 20 mM EGTA, 15 mM MgCl 2 , 1 mM DTT, 1 mM APMSF, 0.1 mM Na 3 VO 4 , 1 g/ml leupeptin (Sigma Chemical Co.) and 1 g/ml aprotinin (Sigma Chemical Co.). To examine the kinase activities during maturation, the meiotic stage of the oocytes was determined before they were transferred into the Eppendorf tubes by staining with 12 g/ml Hoechst 33342 (Polysciences Inc., Warrington, PA) for 20 min followed by observation under a fluorescent microscope. After being thawed, the oocytes were centrifuged at 13 000 ϫ g for 10 min, added with 5 l of kinase buffer and 5 l of substrate solution, and incubated for 20 min at 37ЊC. The kinase buffer was composed of 75 mM HEPES (pH 7.2), 75 mM ␤-glycerophosphate, 75 mM MgCl 2 , 6 mM DTT, 10 mM EGTA, 60 M ATP, 15 M cAMP-dependent protein kinase inhibitor peptide (Sigma Chemical Co.) and 0.3 Ci/l [␥-32 P]ATP (250 Ci/25 l; Amersham Pharmacia Biotech, Buckinghamshire, UK). The substrate solution for the double assay of the Cdc2 kinase and MAP kinase was composed of 4.25 l of histone H1 (5 mg/ml, from calf thymus; Boehringer, Tokyo, Japan) and 0.75 l of myelin basic protein (5 mg/ml, MBP from bovine brain; Sigma Chemical Co.). The substrate solution for the double assay of Cdc2 kinase and histone H3 kinase was composed of 2.5 l of histone H1 and 2.5 l of histone H3 (1 mg/ml, from calf thymus; Boehringer). The reaction was terminated by the addition of 5 l of 4ϫ SDS sample buffer [21] and boiling for 5 min. The samples were loaded onto a 15% gel for separation of labeled myelin basic protein and histone H1, or histone H3 and histone H1. After running, the gels were dried and autoradiographed. The autoradiograms were scanned with an image analysis system with Image Master ID Elite software Version 3.00 (Amersham Pharmacia Biotech). The kinase activity in the oocytes at metaphase I was arbitrarily set to 100%, and the other bands were expressed relative to that as a mean percentage Ϯ SEM.
At least 30 immunostained oocytes were examined by immunofluorescent microscopy in each group. Each kinase assay experiment was performed in at least three replicates. Statistical differences in the activities of the kinases were analyzed by one-way analysis of variance (F1-test) followed by the Tukey multiple range test. Other values were analyzed using the chi-square test. P values less than 0.05 were considered statistically significant.
RESULTS
Phosphorylation of Histone H3 Takes Place During Oocyte Maturation
Phosphorylated histone H3 at Ser10 was detected in pig maturing oocytes using an antibody against histone H3 with a single phosphorylated Ser10. Histone H3 phosphorylation was not detected in any oocytes at the GV stage before culture (0%, 0/41 oocytes; Fig. 1AЉ ). Phosphorylation of histone H3 was first detected in the clump of condensed chromosomes (green color; Fig. 1BЉ ) in all of the examined oocytes (100%, 38/38 oocytes) at the diakinesis stage after 18 h of culture and thereafter it was maintained during oocyte maturation (Fig. 1, CЉ-FЉ) . The integrity of the nuclear envelope was monitored by immunostaining with an antilamin A/C antibody. At the GV stage, the lamin A/C antibody recognized the entire contour of the nuclear envelope (Fig. 1A) . At the diakinesis stage, chromosomes were frequently in contact with the envelope and lamin A/C staining was closely associated with the chromosome (Fig.  1, B and BЈ). The nuclear membrane breakdown initiated during the diakinesis stage and the nuclear membrane was completely disassembled when the oocytes entered metaphase I (Fig. 1, C-F) . The control oocytes did not show any fluorescence at any stages.
The changes in the activities of Cdc2 and the histone H3 kinases during oocyte maturation were measured after determination of the meiotic stage of each oocyte by Hoechst 33342 (Fig. 2) . Histone H3 kinase activity was lowest in the GV-stage oocytes, increased at the diakinesis stage, reached a peak at metaphase I, and was maintained until metaphase II (Fig. 2C) . Cdc2 kinase was inactive at the GV and diakinesis stages. Thereafter, the activity increased and reached a peak at metaphase I. The activity fell during anaphase I and telophase I and increased again at metaphase II (Fig. 2B) .
PP1/PP2A Inhibitors Induce Rapid Chromosome Condensation with Histone H3 Phosphorylation
The effects of CL-A and OA on histone H3 phosphorylation, chromosome condensation, and nuclear membrane morphology were examined. Both CL-A (Fig. 3 and Table  1 ) and OA (Fig. 4 and Table 2 ) induced rapid chromosome condensation in a similar manner. Chromosomes started to condense after 2 h of treatment, but most of the chromosome configuration was still at the GV I-IV stages, which were described by Motlik and Fulka for normal maturation of pig oocytes [8] . Some oocytes had a chromosome configuration that looked like GV III or GV IV, but the chromosomes were much more condensed (GVЈ) (Figs. 3CЈ and  4CЈ ). Chromosome condensation progressed throughout the treatment. After 6 h, in most of the oocytes, the condensation of the chromosomes was like that at metaphase I (81% in the CL-A and 71% in the OA-treated oocytes). Histone H3 started to be phosphorylated after 2 h in 56% and 93% of the CL-A-and OA-treated oocytes, respectively. After 3 h, most of the treated oocytes showed histone H3 phosphorylation, which was maintained during the course of treatment. In the nontreated oocytes, the chromosomes stayed in the GV and no histone H3 phosphorylation was observed during the culture. In all of the CL-A-and OA-treated oocytes, an intact nuclear membrane was observed around the condensed chromosomes until 4 h. At 6 h, 66% of the CL-A-treated oocytes underwent GVBD, while no OA-treated oocytes underwent GVBD (Tables 1 and 2 ). However, 100% of the OA-treated oocytes underwent GVBD after 8 h (data not shown).
Change in The Activities of Cdc2 Kinase, MAP Kinase, and Histone H3 Kinase During Chromosome Condensation in CL-A-and OA-Treated Oocytes
When the oocytes were treated with CL-A, both histone H3 kinase (shown by phosphorylation of histone H3 in Fig.  5A ) and MAP kinase (shown by phosphorylation of MBP in Fig. 5A ) were activated after 2 h, and the activities increased during the time of treatment. Cdc2 kinase (shown by phosphorylation of H1 in Fig. 5A) was not activated until 6 h. In the control nontreated oocytes, Cdc2 kinase, MAP kinase, and histone H3 kinase were not activated. The oocytes treated with OA also showed a similar result to the CL-A-treated oocytes (data not shown). These results indicate that the PP1/PP2A inhibitors induce activation of both MAP kinase and histone H3 kinase, although they have no effect on Cdc2 kinase. To investigate whether MAP kinase activation is required for the phosphorylation of histone H3, the oocytes were treated with CL-A in the presence of the MAP kinase inhibitor U0126. In the oocytes, MAP kinase was not activated, but the histone H3 kinase was still activated after 2 h of treatment (Fig. 5A ). There were no differences between the histone H3 kinase levels of oocytes treated with CL-A and CL-AϩU0126 (Fig. 5B) . Histone H3 phosphorylation and chromosome condensation in the oocytes were also examined after 6 h of treatment (Table 3 ). The histone H3 phosphorylation and chromosome condensation in the oocytes treated with CL-A and CL-AϩU0126 was similar. However, no GVBD was observed in the CL-AϩU0126-treated oocytes.
DISCUSSION
Pig oocytes undergo GVBD in a similar time course required to activate the Cdc2 kinase [22] . Following the gonadotropic stimulation, pig oocytes start to accumulate cyclin B1 at 21 h, and Cdc2 kinase activity gradually increases around GVBD at 24 h and reaches a maximal level at the metaphase I at 27 h in our culture conditions [23] . Pig oocytes have MAP kinase in the inactive form before the resumption of meiosis, and the MAP kinase becomes phos- phorylated and activated after GVBD [24, 25] . It has been reported that the phosphorylation of histone H3 in the nucleosome is closely linked to mitotic chromosome condensation and occurs at the Ser10 position in diverse organisms [26, 27] . We determined the phosphorylation of histone H3 (Ser10) in maturing pig oocytes. There was no phosphorylation of histone H3 in the oocytes at the GV stage (G2 phase in cell cycle), and phosphorylation started in condensed chromosomes at the diakinesis stage. This observation differs from that of mitotic chromosomes in somatic cells, where phosphorylated histone H3 (Ser10) is first detected in pericentromeric heterochromatin in the late G2 phase, spreads throughout the chromosomes, completes in late prophase and is maintained through metaphase [28] . Thus, the meiotic phosphorylation of histone H3 (Ser10) appears late at the time at which the chromosomes have become highly condensed. During meiosis in maize, the phosphorylation of histone H3 (Ser10) also takes place at (6) 1 (3) * Oocytes at the GV stage were cultured with or without okadaic acids (OA) for different times. Histone H3 phosphorylation, chromosome configuration, and nuclear membrane morphology were evaluated by fluorescent microscopy. The meiotic stages are the same as presented in Table 1 . the diakinesis-metaphase I transition [29] . In mitosis in animal cells and meiosis in maize, histone H3 (Ser10) phosphorylation is diminished in anaphase (anaphase I in meiosis) and disappears at telophase (telophase I) [28, 29] . On the other hand, the phosphorylation of histone H3 (Ser10) in pig oocytes was maintained until metaphase II, even in anaphase I and telophase I. The activity of histone H3 kinase in pig oocytes showed a change similar to the phosphorylation of histone H3 (Ser10) in the present study. It increased the activity at the diakinesis stage and maintained high activity until metaphase II. This indicates the active histone H3 kinase perhaps phosphorylates histone H3 at the Ser10 residue in condensed chromosomes in pig oocytes during maturation. PP1/PP2A is implicated in regulating meiosis in starfish and Xenopus oocytes [30, 31] . PP1/PP2A has recently been shown to exist in mouse oocytes, and their relocation and activity change are detected during oocyte maturation [32] . PP1/PP2A has also been suggested to play a role in regulating chromosome condensation in mouse oocytes [33] and mouse mammary cells [34] . Histone H3 phosphorylation at both Ser10 and Ser28 are governed by aurora-B kinase and PP1 in mammalian somatic cells [17, 35] . In somatic cells, PP1 was reported to be phosphorylated and inactivated by Cdc2 kinase [36] . Goto et al. also suggested that Cdc2 kinase may play central roles in mitosis-specific chromosome condensation through the regulation of histone H3 Ser28 phosphorylation by the inactivation of PP1 [35] . The present study showed that activation of Cdc2 kinase was not required for either chromosome condensation or histone H3 phosphorylation in pig oocytes because CL-A and OA induced chromosome condensation and histone H3 phosphorylation without the activation of Cdc2 kinase. This finding is consistent with a recent report showing that Cdc2 kinase is not required for chromosome condensation in pig oocytes treated with OA and butyrolactone I (an inhibitor of Cdks) [9] .
It has been suggested that the MAP kinase cascade in- duces histone H3 phosphorylation (Ser10) [12] . It has been shown that the ERKs-activated Rsk-2 kinase is directly involved in histone H3 phosphorylation in mouse [37] and human fibroblasts [12] . However, the involvement of MAP kinase in chromosome condensation is controversial. In mouse spermatocyte experiments, it was suggested that ERK1 is specifically activated during G2/M transition and is essential for chromosome condensation [38] . In Xenopus oocyte experiments, it was suggested that histone H3 kinase activation, which concerned chromosome condensation during oocyte meiotic maturation, did not require Cdc2 kinase activation but rather depended on activation of the MAPK/p90Rsk pathway [39] . Experiments in pig oocytes suggested that the inhibition of protein phosphatase promptly activated MAP kinase, which in turn induced premature chromosome condensation [40] . In disagreement with these results, a recent study suggested that activation of the ERK1/p90Rsk2 pathway was not necessary for the phosphorylation of H3 in vivo in mouse spermatocytes [41] . In fact, PP1/PP2A inhibitors induce rapid chromosome condensation concomitantly with MAP kinase activation in mouse and pig oocytes [18, 40] . Numerous observations suggest that PP2A plays an important role in the downregulation of the Ras/MAP kinase pathway [42] . PP2A dephosphorylates and inactivates MAP kinase kinase (MEK) and MAP kinase in vitro [43] . Therefore, OA or CL-A perhaps inhibited PP2A and induced MAP kinase activation in our experiments. In a similar time course, CL-A-and OA-treated pig oocytes showed chromosome condensation accompanied by the activation of both MAP kinase and histone H3 kinase. However, even after the activity of MAP kinase was inhibited in the oocytes, the chromosomes condensed, histone H3 (Ser10) was phosphorylated, and histone H3 kinase was activated. These results suggest that MAP kinase is not required for the chromosome condensation. The disassembly of nuclear lamina is an essential prerequisite for GVBD [44] . Active Cdc2 kinase phosphorylates lamins on specific serine residues and causes nuclear lamina disassembly [45] . It is thought that oocyte GVBD is induced by active Cdc2 kinase. When pig oocytes were treated with PP1/PP2A inhibitors in our experiment, the oocytes underwent GVBD after 6-8 h. Cdc2 kinase was not activated during the culture period, but MAP kinase was activated in the oocytes after 2 h of treatment. Because MAP kinase has a weak activity to phosphorylate nuclear lamins [46] , MAP kinase is supposed to substitute for the role of Cdc2 kinase in GVBD in the oocytes. Actually, when oocytes were treated with an MEK inhibitor and CL-A, MAP kinase activation was completely inhibited. In the oocytes, CL-A did not induce GVBD at all, while chromosome condensation occurred in the GV. Under our normal maturational conditions, the Cdc2 kinase of oocytes was still inactive at the diakinesis stage, and these oocytes had a nuclear membrane (Fig. 1B) . However, the chromosomes were highly condensed with their histone H3 phosphorylation, and histone H3 kinase was activated (Fig. 2) . Together with the above results, these data suggest that the activation of Cdc2 kinase is required for nuclear membrane breakdown but not for chromosome condensation in the pig oocytes.
In the present study, the change in histone H3 kinase activity accurately corresponded with histone H3 phosphorylation (Ser10) in pig oocytes and chromosome condensation. Although we did not identify histone H3 kinase in pig oocytes, accumulating data reveal that aurora-B is required for mitotic histone H3 (Ser10) phosphorylation in Drosophila and mammals [47, 48] , and aurora-B is a mitotic histone H3 kinase in humans [49] . Goto et al. reported that aurora-B phosphorylated histone H3 at both Ser10 and Ser28 during mitosis in mammalian somatic cells [35] . In both yeasts and nematodes, the reduction of PP1 activity is responsible for histone H3 phosphorylation interacting with aurora kinase [16] . Sugiyama et al. have suggested that human aurora-B is a mitotic histone H3 kinase that associated protein phosphatases (PP1 or PP2A) as negative regulators of kinase activation [49] . Moreover, chromatin-associated PP1 regulates aurora-B activity and histone H3 phosphorylation [17] . Based on these findings and our present results, we propose that a balance of histone H3 kinase and PP1/PP2A activities regulates the meiotic phosphorylation of histone H3 and that the PP1/PP2A inhibition induces histone H3 phosphorylation, leading to chromosome condensation in pig oocytes (Fig. 6 ).
